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Oxidative Radical Addition to Alkenes : 
a Convenient Route to y6-Unsaturated Acids and y-Lactones 

By GENNADY I. NIKISHIN, MAXIM G. VINOGRADOV, and TAT'ANA M. FEDOROVA 
(N .  D .  Zekinsky Institute of Organic Chemistry, U.S.S.R.  Academy of Sciences, Moscow, U.S.S.R.)  

Summary Diethyl malonate and diethyl alkylmalonates 
react with olefins and manganese(II1) or cobaIt(II1) 
acetates in the presence of copper(I1) acetate to  give 
diethyl alk-2-enylmalonates which produce upon hydro- 
lysis $-unsaturated acids or y-lactones. 

SYNTHESIS of aliphatic acids via malonic esters is usually 
based on two procedures: (i) alkylation of sodium deriva- 
tives of malonic ester with alkyl halides1 or (ii) free-radical 
addition of the ester to an olefin in the presence of peroxide 

initiators.2 We report a modification of the latter pathway, 
which involves the use of transition-metal salts. 

Oxidation of malonic acid esters with these salts in the 
presence of an alk- 1-ene leads to alkyl-substituted com- 
pounds. For example, diethyl malonate (0.5 mol) reacts 
with manganese(II1) acetate dihydrate (0.025 mol) and 
hept-1-ene (0.05 mol) a t  90" to afford n-heptyl malonatt in 
50% yield (based on oxidant). 

The addition of catalytic amounts of copper@) acetate 
completely alters the course of the reaction. In this case, 
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Me. MI11 =MnIII or CoIII. 

R1 = H or Bun, R2 = H, Bun, or n-C5Hrl, R3 = H or 
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diethyl hept-2-enylmalonate was the only isolable product. 
Other alkenylmalonates were similarly obtained (40-700/,). 
For example, a mixture of diethyl malonate (0.2 mol), 
isobutene (0.1 mol) , manganese(II1) acetate (0.1 mol), and 
copper(I1) acetate (040075 mol), when shaken in acetic acid 
(65ml) at 60°, until the brown colour had disappeared, 
yielded diethyl methallylmalonate (60%). The formation 
of the products may be explained as shown in the Scheme. 

It was shown earlier3 that cc-oxoalkyl radicals, obtained 
from aliphatic aldehydes and ketones, reacted with olefins 
in the presence of copper(I1) acetate t o  afford a mixture of 
By- and @-unsaturated carbonyl compounds arising from 
the oxidation of intermediate radicals. By contrast, the 
oxidation of the radical (1) proceeds selectively to  give only 
the isomer (2) (g.1.c. and n.m.r.). Elimination of hydrogen 
from the 8- rather than from the ,&carbon atom in radical 
(1) is probably related to  the polar effect of the CO,R 
groups, which prevents the nucleophiles from attracting 
the P-hydrogen atom. 

Hydrolysis of the diesters (2) was carried out in acidic* or 
basic5 medium. Diesters of the type (2) with an internal 
double bond were converted on hydrolysis into ys-un- 
saturated acids (3). Decomposition of alkenyl-substituted 
esters (2; R2 = H, R3 = Me) in acidic solution gave the 
y-lactone (4). 
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